The modification of pristine nanoclay and its application in wood plastic composite (WPC) have been investigated in this paper. Pristine nanoclay was modified using transition metal ion (TMI) which was copper (II) chloride to achieve good dispersion and to improve properties of WPC. The morphology, composition, structure, and thermal stability of TMI-modified nanoclay were studied by field emission scanning electron microscopy (FESEM), energy dispersive X-ray analysis (EDX), X-ray diffraction (XRD) and thermogravimetric analysis (TGA) analysis. The pristine (WPC/MMT) and TMI-modified (WPC/MMT Cu) nanoclay based WPC were made from polypropylene (PP), wood flour (WF), and maleic anhydride grafted polypropylene (MAPP) coupling agent. Pristine and modified nanoclay with different concentration (1 wt%, 2.5 wt%, 4 wt% and 5 wt%) were used as a reinforcing filler for WPC. Mechanical, physical, morphological, and thermal properties of the prepared composites were evaluated. Result exhibit that at 1 wt% nanoclay content, the tensile, flexural, and impact strength of WPC/MMT improved by approximately 6%, 4%, and 8%, respectively, compared to WPC without nanoclay. For the WPC/MMT Cu, the improvements in these properties were about 2.6, 2.1 and 3 times higher than the WPC/ MMT. The physical and thermal properties also improved by incorporating modified nanoclay in WPC.
Introduction
The term wood plastic composites generally mean compounding of wood flour (WF) with thermoplastic polymers such as polystyrene (PS), polyethylene (PE), polypropylene (PP), polyvinyl chloride (PVC), or acrylonitrilebutadienestyrene (ABS). However, the wood content in the polymer matrix is high, the smell and appearance of wood-plastic composite (WPC) are similar like natural timber (wood) (1) .
WF is becoming more acceptable as a kind of filler for polymers because of its simple accessibility, low density, high stiffness, biodegradation, and renewability and generally low cost (2) . Additionally, the renewable and biodegradable components of WF facilitate its definitive disposal by fertilizing the soil or incineration (3) . However, the highly hydrophilic nature of the lignocelluloses materials makes them incompatible with the thermoplastics which are highly hydrophobic during the assembling process. It leads to poorer interfacial bonding between thermoplastics and WF, hence, the composite properties become worse (4, 5) . Moreover, the high moisture absorption of natural fibers may bring dimensional instability of the subsequent composite and weaken the interfacial bonds (6, 7) .
Numerous types of exploration have been done on WPC to improve its properties using WF (8) . Generally, there are two noteworthy ways to deal with improving the properties of WPC using fillers. Firstly, the WF can be treated with acetylation (9) , heat treatment (4), silane treatment (10) , and sodium hydroxide treatment (11) to enhance the properties. Secondly, the addition of nano particles for enhancing the overall properties of WPC, because of their high surface area, low density and high Young's modulus (12) . These nano-materials demonstrate the positive results, including increased tensile and flexural strength, high modulus, high thermal stability and low water absorption (13) . Many scientists have concentrated on the nanoclay as a nanofiller to enhance the properties of WPC (14) .
Nanoclay is derived from montmorillonite (MMT), a mineral store that has a layered structure of measurement around 1 nm thick and a particular surface area of 700-800 m 2 /g (15) . Nanoclays are at present being utilized to enhance modulus, tensile strength, barrier properties, fire resistance and thermal properties of numerous plastics (16) . However, pristine MMT is a hydrophilic phyllosilicate which makes poor blending and interaction with the greater part of the polymer framework which are hydrophobic in nature. Along these lines, the change of perfect MMT is important to enhance the similarity of MMT with polymers (17, 18) . Aside from that, the structure of the pristine MMT comprises of stacks that are held firmly by electrostatic powers and it is crucial for the nanoclay to undergo modification before the preparation of composites.
The transition metal ions (TMI) modification using copper chloride is a novel method which is used to change the nature of the pristine nanoclay which is hydrophilic. Actually occurring MMT comprises of cations that are not emphatically bound to the nanoclay surface and TMI are utilized to exchange the cations present in the nanoclay. This process helps to separate the nanoclay platelets in order for them to be more easily intercalated or exfoliated, and also enables the nanoclay to be more compatible with a wide range of polymer matrix.
However, to the best of our knowledge, no published reports are accessible in the open-access literature which assesses the modification of nanoclay utilizing TMI and its application in WPC. The fundamental target of this work was to modify the nanoclay and study the impact of modified MMT as a reinforcing agent on the distinctive properties of WPC.
Experimental investigation

Materials
Polypropylene (G 112) was supplied by Polypropylene Malaysia Sdn Bhd (Selongor, Malaysia), wood flour (WF) was supplied by Leong Seng Sawmill (Gambang, Malaysia). Maleic anhydride grafted polypropylene (MAPP) was purchased from (Chemtura, China). Cloisite Na + was supplied from Southern Clay Products, Inc. (Gonzales, TX, USA). Copper (II) chloride (CuCl 2 ), sodium chloride (NaCl) and methanol were supplied by Fisher Scientific (M) Sdn, Bhd (Selangor, Malaysia).
Modification of pristine nanoclay
To perform the modification process copper (II) chloride was used as a transition metal ion (19) . Before the TMI treatment the cloisite Na + (pristine nanoclay) was washed. In this study, the clay (80 g) was placed in 1600 ml methanol solvent and the suspension was vigorously stirred for 24 h. The dispersion turned into viscous slurry due to swelling of the nanoclay, upon stirring for a few hours. To ensure the removal of exchangeable ion contaminants, the slurry was kept in 1 m NaCl solution for 48 h. The slurry was then filtered with the help of vacuum pump and dried in vacuum oven for 12 h at 80°C. Using the same solvent, the dried clay was placed in 0.30 m TMI solutions for the ion exchange to occur. Then the suspension was stirred for 36 h. The samples were filtered and dried in vacuum for 12 h at 80°C after the TMI treatment. Using a mortar and pestle, the dried clay was then powdered. Nanoclay was in nano size after being powdered, which was checked by field emission scanning electron microscopy (FESEM).
Characterization of TMI modified nanoclay
FESEM (model: JEOL EVO-50 Japan) and energy dispersive X ray spectroscopy (EDX) were used to analyze the morphology of modified cloisite Na
Before observation the samples were coated with gold by a vacuum sputter. In addition, to study the structure of modified clay, X-ray diffraction (XRD) analysis was carried out using a Rigaku Mini Flex II (Japan). The tube current of the X-ray generator and the working voltage were 15 mA and 30 kV, respectively. To determine the weight loss as a function of temperature, thermogravimetric analysis (TGA) was performed on the pristine and TMI-modified nanoclay samples. The samples of approximately 5 mg of pristine and modified nanoclay were analyzed and heated from 30 to 900°C at a rate of 10°C/min under nitrogen atmosphere.
Preparation of wood-plastic composite
According to the formulations given in Table 1 , the pristine/modified nanoclay, WF, PP, and MAPP were weighed. All of the fillers were dried at 85°C in the oven for 48 h prior to use. The mixtures were prepared by using a single screw extruder (Brabender GmbH & Co. KG, Germany). The heating temperature profile of the screw was set at 190°C in feed zone, 180°C in melting, while the temperature of the extruder die was held at 170°C. The screw speed was 80 rpm and the die size was 5 mm. Before being fed into the first zone of the extruder, the pristine nanoclay, WF, PP, and MAPP were premixed. The extruder strand passed through a water bath and was subsequently palletized. Totally six sets of blends and composite samples were fabricated. The compounded pallets were dried at 80°C for 24 h before injection molding to remove the remaining moisture. To produce the dumbbell shaped specimens (ASTM 638 IV) to evaluate the properties of composites, the pallets were injection molded in a BOY 22M machine. The processing temperatures were set at 190°C in feed zone, 180°C in melting and 170°C in die zone. The cooling time was 20 s, clamping pressure 160 bars, injection pressure 100 bars and plasticizing back pressure 5 bars. The injection speed and screw rotation speed were 142 and 1 mm/min, respectively. Finally, the dumbbell shaped specimens were conditioned at a temperature of 23 ± 2°C and relative humidity of 50 ± 5% for at least 40 h according to ASTM D618-99 (20) . The same method is repeated using the TMI-modified nanoclays. Four types of samples that were obtained are pure PP, WPC without nanoclay, WPC incorporated with pristine nanoclay, and WPC incorporated with modified nanoclay 3 Characterization of wood-plastic composite
Mechanical properties
According to the ASTM standards D 638 and D 790, the tensile and flexural tests were performed, respectively. Universal Testing Machine (Instron, model 3369) was used to perform these mechanical tests of WPC. The specimens were tested at crosshead speed of 3 and 1.6 mm/min for tensile and flexural, respectively at room temperature (50% relative humidity and 23°C). The dimensions of the test specimen were according to the respective ASTM standards. Instron impact tester (model-CEAST 9050) was used to carry out the Izod impact strengths and it was performed following ASTM D256. Five specimens were tested and their average values were reported.
Physical properties
Measurement of density was conducted according to ASTM D 792 (21) . Specimens were dried for 24 h at 105°C.
Five specimens were tested and their average values were reported. The value of the density was calculated using the following equation:
where ρ is the density, V is the volume and m d is the dry mass of specimen.
Morphological study
Transmission electron microscope (TEM) analysis was employed with a scale bar of 100 nm to study the distribution of nanoclay in the composites. WPC samples powder was used for TEM analysis. Composites powder was mixed with water and then dropped on 400 mesh copper grids. The analysis was conducted using a ZEISS LIBRA 120 instrument.
Thermal stability
To determine the weight loss as a function of temperature, TGA was performed on the PP and WPC samples. A polymer laboratories thermogravimetric analyzer (TA Instruments, model TAQ500) was used to determine the thermal properties. The samples of approximately 5 mg of PP and each composite were analysed and heated from 30 to 600°C at a rate of 10°C/min under nitrogen atmosphere.
Results and discussion
Mechanism of transition metal ion (TMI) modification
Transition metal ion (TMI) modification was employed on the pristine nanoclay prior to the fabrication of WPC. In this modification process, copper (II) chloride (CuCl 2 ) was used as a transition metal ion to get copper ions. The intention of modification process was to change the nature of the pristine nanoclay which is hydrophilic in order for it to be compatible with the polymer host which is PP. The hydrophilic nature of the nanoclay is caused by the isomorphous substitution of the SiO 4 tetrahedral with [AlO 6 ] 3− tetrahedral and [AlO 6 ] 3− octahedral which causes an excess of negative charges within the layers of the shit and these negative charges are balanced with additional cations such as Ca 2+ and Na + which are located within the layers. The counter ions are shared by two neighboring platelets which results in these stacks to be held tightly together as shown in Figure 1A .
Modification of MMT using transition metal ion is seen as a prerequisite for a successful formation of nanoclay based WPC. Figure 1B shows the cation exchange that took place from the modification process whereas Figure 1C shows the mechanism of the nanoclay modification.
When the cations in the MMT nanoclay are exchanged with the copper metal ions, the surface energy of the silicate surface is lowered and wetting with the polymer matrix is improved. The positively charged cations are attached to the surface of the negatively charged silicate layers and results in an increase of the gallery height. The diffusion of the Cu 2+ ions between the layers alters the surface properties of each single sheet from being hydrophilic to hydrophobic (22) . A large interlayer spacing which facilitates better intercalation process is obtained as shown in Figure 3 .
Characterization of TMI-modified
MMT nanoclay
Energy dispersive X-ray analysis (EDX)
The presence of the copper ions and elemental composition of modified cloisite Na + (MMT) were confirmed using energy dispersion EXD. It is one of the most notable methods due to its high detection power and true multi element capabilities. In addition, EDX detection allows measurement at extremely low concentrations and it has an excellent sensitivity which enables it to become a good detector for many trace elements. EDX analysis showed that oxygen (O), carbon (C) sodium (Na) and silicon (Si) elements are present in MMT (Figure 2A ), while O, C, Si and copper (Cu) are present in copper modified MMT ( Figure 2B ).
As can be seen in Figure 2 , after the TMI-modification process the C, O, and Na components are decreased. The weight percentage of C, O, and Na components in MMT were 10.17%, 70.63%, and 1.22%, respectively, whereas the MMT Cu shown weight percentage around 7.31%, 62.29%, and 0.00%, respectively. The reason might be that the decreases in C, O, and Na components in TMI-modified nanoclay exhibits that the ion exchange might have taken place, it is conceivable that instead of a complete exchange of surfactant cations in cloisite Na + (MMT), CuCl 2 may form molecular complexes with them.
From the Figure 2B , an amount of copper (Cu) was seen in the MMT Cu, which ensured that the modification of the nanoclay was successful in aiding the TMI to be able to displace themselves in the lamellar plane of the layered silicates.
Field emission scanning electron microscope (FESEM)
FESEM was engaged in this study to understand the distribution of the pristine and TMI-modified nanoclay particles. Figure 3 depicts the micrographs obtained for MMT and MMT Cu. It can be seen in Figure 3A that pristine MMT nanoclay exists in stacked platelet and forms overlapped layers. These layers could be attributed to the structure of the nanoclay which exists in stacked platelet forms. After the TMI modification process, the nanoclay layers are covered by the metal ion which is copper and appear to have a homogeneous distribution. Furthermore, the nanoclay agglomerations in pristine MMT nanoclay are reduced and numerous separated tactoids are seen in MMT Cu ( Figure 3C) .
Moreover, the sizes of the nanoclay agglomerates in MMT are reduced after the modification process and numerous separated tactoids are seen in MMT Cu as shown in Figure 3C with very few smaller agglomerates. The sizes of the pristine MMT tactoids were obtained around 22-26 nm ( Figure 3B ) whereas MMT Cu ranged from 15 nm to 23 nm ( Figure 3D ). The reduction in the size may be related to the ion exchange between the Na + ions from the MMT gallery with the Cu 2+ from the TMI. The comparison between the pristine cloisite Na + clay and copper modified cloisite Na + clay demonstrates a notable impact of the modification done.
X-ray diffraction (XRD)
XRD analysis was further employed to differentiate the structure of the pristine cloisite Na + and the modified cloisite Na + . The samples were scanned in fixed step size 0.020 with a step time of 0.1 s in the range of 3-20°. Figure 4A shows a comparison of pristine cloisite Na + and cloisite Na + modified with copper (Cu). Based on Figure 4A , the characteristic peak of pristine cloisite Na + appeared at 2θ = 8.17° and corresponded to the inter layer space of 10.81 Å. The X-ray data obtained for modified cloisite Na + is seen to shift to a smaller angle towards the left. The characteristic peak of cloisite Na + -Cu was seen at 2θ = 7.09° with an interlayer spacing of 12.45 Å. An increase in the d-spacing of the modified nanoclay indicates that the modified ions were able to intercalate themselves into the gallery of cloisite Na + and there is a higher tendency for the formation of an exfoliated or intercalated structure during the fabrication with PP and other WPC constituents. Similar observations were reported by Nakas and Kaynak (23) whom stated that modifications of nanoclay improve the interlayer spacing (23).
Thermogravimetric analysis (TGA)
TGA measurement was employed to study the effect of the TMI-modification process on thermal stability of pristine nanoclay. The analysis was performed in nitrogen gas, in a temperature range of 40-900°C.
According to the TGA results, it is interesting to see that the introduction of Cu resulted in an increase of the degradation temperature by almost 92°C, drastically enhancing the thermal stability of TMI-modified nanoclay over pristine nanoclay. As can be seen in Figure 4B , the cloisite Na + showed the thermal degradation at 707°C, whereas TMImodified nanoclay exhibited the thermal degradation at 799°C. Also, the introduction of Cu into the pristine nanoclay significantly increased the char content compared to that of the as-received cloisite Na + . The char content of cloisite Na + nanoclay increased by nearly 32% after TMI-modification process. The reason might be that, for Cu-modified nanoclay, CuCl 2 can either remain stable during heating in nitrogen gas to 900°C or transform into copper oxide (CuO).
On the basis of the above TGA result, it is confirmed that the modification by TMI (copper chloride) distinctly shifted the onset degradation temperature of pristine nanoclay toward higher values. In addition, the charring process became improved when the cloisite Na + was modified by TMI, as evidenced from the TGA curve. Nawani et al. (19) stated similar results in their work while studying the modification of pristine nanoclay using TMI (19).
6 Characterization of wood-plastic composite reinforced by pristine and TMI-modified nanoclay
Transmission electron microscope (TEM)
It can be seen from TEM images that the nature of scattering and distribution of the layered silicates were correlated to the amount of nanoclay loading and the TMI modification done on the nanoclay particles as appeared in Figure 5 . The samples analyzed were WPC with 1 and 5 wt% MMT and MMT Cu, and the nanocomposites were magnified to 100 nm in order to obtain a clearer and indepth picture of the nanoclay particles and aggregates. It can be observed that structure of WPC incorporated with 1 wt% MMT as delineated in Figure 5A when contrasted with WPC with 1 wt% MMT Cu ( Figure 5C ) demonstrates the dark line of nanoclay. The dark line of nanoclay shows the agglomerations of the layered silicates. However, in Figure 5C , the multi layered nanoclay platelets intercalated with PP in the WPC and the particles did not flocculate in the sample. It can be observed that the modification done on the nanoclay particles has upgraded its dispersibility on the polymer matrix and brought down the surface energy of the host, enhanced the wetting qualities and intercalation with the polymer matrix which resulted in larger interlayer spacing as supported by the XRD analysis done. It is worth mentioning that the TMI modification on the nanoclay particles has indeed aided in better dispersion and the ability to create better compatibility between the nanoclay and polymer matrix.
Furthermore, Figure 5B and D demonstrates the TEM pictures of WPC with 5 wt% MMT and MMT Cu, individually. As can be found in the figure, both the pictures demonstrated the dark lines and the dark spots of nanoclay. It implies the measure of nanoclay particles became larger and diminished the quantity of intercalated platelets.
X-ray diffraction (XRD)
From Figure 6A and B, it can be observed that the final structures of the WPC were greatly influenced by the pristine and modified MMT filler content. The structures of the WPC incorporated with different types of filler and weight percentage showed a variety of changes in its angular spacing and reflection angle. The XRD pattern obtained were highly dependent on the quantity and the quality of the filler content. It can be observed from Figure 6A and B that there are two visible peaks in the XRD diffractograms for the samples with pristine and modified nanoclay. The peaks rose at angle 2θ more than 10° are indications that the nanoclay particles functioned as nucleating agents that induced the crystallization of the segments in PP. The peaks attained at angle 2θ < 10° is useful in determining the degree of interaction between the polymer and nanofiller as a shift towards the lower angles are associated with the intercalation and exfoliation of the polymer between the nanoclay lamellas (24) .
The data from XRD analysis showed that WPC/ MMT with 1 wt%, 2.5 wt%, 4 wt% and 5 wt% showed characteristic diffraction peaks at 2θ = 6.71° (d-spacing is 13.18 Å), 2θ = 6.31° (d-spacing = 14.03 Å), 2θ = 6.82° (d-spacing = 13.44 Å) and 2θ = 6.83° (d-spacing = 13.39 Å), respectively. From the data obtained, WPC incorporated with modified nanoclay portrayed a smaller 2θ value over WPC/ MMT that corresponds to higher angular spacing which indicates that a successful intercalation process has been achieved. WPC/MMT Cu demonstrated reflection angles of 6.61° (d-spacing is 13.82 Å), 6.02° (d-spacing is 14.63 Å) 7.18° (d-spacing is 12.88 Å) and 6.80° (d-spacing is 13.11 Å) in its 1 wt%, 2.5 wt%, 4 wt% and 5 wt% nanoclay loadings.
The peaks of the modified nanoclay nanocomposites which were seen to shift towards a lower value, it is an indication that an intercalated nanoclay structure has been created. According to Wang and Pinnavaia (25) , the gallery spacing in modified nanoclay becomes larger as a result of the longer chain in the nanoclay relative to the conventional nanoclay whereby the extent of gallery expansion is highly dependent on the chain length of the modifier in the interlayer (25). Nafchi et al. (26) found that in their work that incorporation of cloisite 30B into the PP-based WPC shows an increase in the d-spacing of the composite compared to the incorporation of pristine nano clay (26) .
According to Nafchi et al. (26) , the modifiers in cloisite 30B aided in increasing the gallery height and made the separation larger as the modifier inside the layer weakens the electrostatic forces between the silicate layers. In this study, the TMI modification process is seen as a method to change the nature of the nanoclay from being hydrophilic to hydrophobic and thus accommodating a higher driving force of the PP into the nanoclay. This resulted in the increase of the d-spacing. The even distribution of the modified MMT clay can be viewed from the TEM images in Figure 5A that show the uniform dispersion of the nanoclay into the composite with no visible agglomerates. It can be deducted from this that the TMI modification done has promoted an intercalation process in the nanocomposites. Figure 7A shows the effect of nanoclay loading on the tensile properties of WPC. When WF was added, the tensile strength of WPC was decreased compared to pure PP. This is not surprising as it is known that when WF is used in thermoplastics, the tensile strength decreases. This is due to the higher degree of brittleness introduces by the incorporation of WF in WPC (27) .
Mechanical properties
Tensile strength
According to the results obtained, the incorporation of nanoclay in the WPC promoted an increment in the tensile stress as can be seen in the figure. WPC/MMT with 1 wt% nanoclay loading exhibited 6% increment in tensile stress compared to WPC without nanoclay. The highest increment among these four different percentages of nanoclay loading was seen on 2.5 wt% WPC/MMT which was 8%. There was not much improvement in the tensile stress of WPC/MMT as compared to WPC/MMT Cu due to the nanoclay agglomerations as shown in the TEM analysis which is shown in Figure 5 . It can be presumed that the incompatibility of MMT nanoclay with PP was unable to create a good dispersion of these particles in the matrix. Successful strengthening of the interfacial interactions between the dispersed phase and matrix phase could not be achieved in the case of WPC/MMT. Dowling et al. (28) anticipated that the modification of the nanoclay reduces the agglomerates and helps to intercalate the MMT platelets (28) .
In line with these the modification done on the nanoclay did indeed result in higher values of tensile stress over WPC and WPC/MMT. In general, from the results attained, it can be seen in the figure that the tensile stress of WPC/MMT Cu was higher compared to WPC/MMT. The highest leap of 16% was seen in 1 wt% nanoclay loading followed by 14% increase in 2.5 wt% WPC/MMT Cu as compare to the WPC. The higher increase as compared to WPC/MMT is due to lesser nanoclay agglomerates in the structure which is shown in the TEM image in Figure 5C and in which the modification using copper is proven to reduce the agglomerates. Copper has always been of a particular interest due to its catalytic performance in the reactions (29) and through the incorporation of MMT with modified nanoclay into PP, the strong electrostatic force between the positively charged ions that are attracted to the net negative charge within the nanoclay structure is destroyed and the clay is able to distribute itself evenly in the matrix.
However, as it can be seen, a decrement of tensile stress from 1 wt% clay loading to 5 wt% was observed in both WPC/MMT and WPC/MMT Cu. This decrease could be attributed to the high nanoclay content in the matrix in which the nanoclay is more prone to agglomerate rather than being distributed evenly in the matrix. Other researchers who found similar results were Isik et al. (30) and Chang et al. (31) . They argued that at high nanoclay contents, nanoclay particles agglomerates and act as stress concentrators that decrease the strength (30, 31) . However, in general, it can be seen that the incorporation of modified nanoclay into the WPC has brought forth significant improvement in the tensile stress.
Flexural strength
The flexural test is the bending resistance of the sample when a vertical load is applied. In the flexural test of plastic, the polymer chains are condensed and compressed at the point where the vertical load is applied. Polymer chains are moving on the other side during test. However, the introduction of wood fiber into the polymer matrix reduces the polymer chains mobility and increases the composite strength against bending and breakage (32). According to this study, incorporation of WF into the PP increased the flexural properties of composite over neat PP. The effect of pristine and modified nanoclay addition on the flexural strength of WPC is illustrated in Figure 7B .
Experimental results reveal that the flexural strength of composites was increased at the 1 wt% content of MMT nanoclay compared to the WPC sample and it started to decrease as more MMT nanoclay was loaded. The flexural strength of the composite mainly depended on the interfacial interaction and the properties of constituents (33, 34) . The flexural strength of the WPC is improved from 54.82 MPa in the control to about 57.02 MPa with 1 wt% MMT. WPC/MMT with 1 wt% nanoclay loading showed 4% increment in flexural strength compared to WPC. As discussed in the tensile strength result, like a tensile strength, there was not significant enhancement in the flexural stress of WPC/MMT as compared to WPC/MMT Cu due to the nanoclay agglomerations as shown in the TEM analysis which is shown in Figure 5 . The hydrophilic nature of MMT created the incompatibility of MMT nanoclay with PP and therefore it was unable to create a good dispersion of these particles in the matrix.
However, the WPC from copper modified nanoclay showed higher values of flexural strength as compared to the WPC and WPC/MMT. At 1 wt% loading of modified nanoclay into the WPC showed 9% increment of flexural strength over WPC. The flexural strength of WPC/MMT Cu at 1 wt% loading of nanoclay was 59.46 MPa. This improvement can be attributed to the better homogeneous dispersion and good interfacial interaction of the nano-particles throughout the matrix, which enabled effective stress transferring from matrix to fibers and then leading to high flexural strength. The higher improvement in WPC/MMT Cu as compared to WPC/MMT is due to lesser nanoclay agglomerates in the composite and modification of MMT is proven to reduce the agglomerates and improve the dispersion of nanoparticle into the composite.
Furthermore, as can be seen in Figure, with high loading, the nanoclay began to agglomerate which resulted in poor dispersion in WPC and then the flexural strength started to decrease, so the composite with 5 wt% nanoclay in both WPC/MMT and WPC/MMT Cu revealed the minimum flexural strength, decreased by 4% and 6%, respectively, over the WPC with 1 wt% nanoclay. As discussed in the previous section that another reason for the lower strength from the addition of the nanoclay at 5 wt% could be related to the absorption of the coupling agent by the nanoclay. A larger amount of the nanoclay increases the absorption of the coupling agent. In this case, the coupling agent does not establish a proper connection between the matrix (polymer) and the lignocellulosic material (35).
Izod impact strength
The strength of composite materials against the fracture is known as the impact strength of composite material (36) .
It represents the toughness and stiffness of material. Properties of the matrix, arrangement of filler particles, and dispersion of nanofillers into the composite and especially the matrix and filler particles interaction are the factors which affect the fracture resistance of composite material. Figure 7C present the impact strength values for PP, WPC and WPC with different content of pristine and modified nanoclay. The test results revealed that the impact strength of composite was increased at first, showed higher strength at 1 wt% nanoclay content over other WPCs. Then, the further addition of nanoclay decreased the impact strength. The reason behind this is that the fillers disturb matrix continuity and individual filler is a site of stress concentration, which can act as a micro crack initiator (37) . As can be seen, WPC/MMT with 1 wt%, 2. Generally, the impact strength decreases, with increasing nanoclay loading. As discussed earlier in this section, the cause behind this decline might be the stiffening of polymer chains due to the incorporation of nanofiller and the agglomeration of nanoclay, which leads in absorbing less impact energy (38) . This kind of behavior also observed by Yeh et al. (39) .
However, it can be observed from the obtained data that WPC with modified nanoclay showed highest impact strength values of composite over WPC loaded with pristine or unmodified nanoclay. According to the analyzed impact strength results of WPC, it can be concluded that the TMI modification process of pristine nanoclay reduced the agglomeration and improved dispersion of nanoparticles into the composite by reducing the tactoids sizes of nanoclay particles.
Physical properties
Density
The density of WPC as a function of nanoclay content is put together and these values are plotted in Figure 7D . From the plot in the figure the trend of density variation as a function of nanoclay content can be clearly seen. All WPC containing nanoclay showed higher densities than neat PP and WPC without nanoclay. Incorporation of nanoclay increased the density of composite. The reason might be that the pore-filling role and good dispersion of nanoclay particles. The better improvement was achieved at 1 wt% of nanoclay. However, loading high content of nanoclay decreased the density of composite. The decrease in density at high content is due to the poor dispersion and agglomeration of nanoclay particles. This result of density is comparable to that of cement reinforced organoclay composites, where the density of cement composites increased due to the incorporation of an optimum content of nanoclay in cement paste. However, at excessive amount of nanoclay loading, the density of composites decreased. The reduction of density is due to the agglomeration effect of nanoclay particles (40) .
However, WPC made from modified nanoclay showed higher density over unmodified nanoclay-based WPC. The TMI-modified nanoclay based WPC showed density of 1.26 g/cm 3 at 1 wt% of nanoclay, whereas unmodified nanoclay-based showed density of 1.09 g/cm 3 at same content of nanoclay. The nanoclay modification process reduced the sizes of nanoclay tactoids and promotes better nano particle dispersion, and thus the reduced tactoids sizes of modified nanoclay improved the pore-filling capacity of composites.
9 Thermal properties
Thermal gravimetric analysis (TGA)
Thermogravimetry is used in general to measure the change in mass of a sample as a function of temperature or time. In this work, TGA was conducted to measure the thermal stability of the prepared WPC as a function of temperature. The TGA thermograms of PP, WPC, and WPC with different percentages of MMT and MMT Cu are illustrated in Figure 8A and B whereas Table 2 tabulates the thermogravimetric data.
The incorporation of nanoclay into WPC has enhanced their thermal stability compared to PP and WPC without nanoclay. It can be observed from the data acquired that the degradation temperature, of 1 wt%, 2.5 wt%, 4 wt% and 5 wt% of pristine nanoclay loading into the composites increased by 3%, 3%, 2%, and 1.9%, respectively, whereas the degradation temperature of same content modified nanoclay into the composite increased by 5%, 4.5%, 2.7%, and 0.9%, respectively, over the WPC sample without nanoclay. In the cases of WPC/MMT Cu these degradation temperatures are higher than the WPC/MMT. The TGA results obtained proved that the enhancement in the thermal stability is more significant with the incorporation of modified nanoclay.
It can also be observed from the results that degradation temperature of WPC is higher with modified nanoclay compared to conventional nanoclay. This may suggest that the TMI modification done on the nanoclay has played a significant role in exfoliating the layered silicates into the polymer matrix with improved thermal stability. The increase in the stability may be a result of the improved barrier properties in the polymer due to the incorporation of the layered silicates whereby it prevents the penetration of oxygen and thus reduces the oxidation of the resin. Similar results were obtained by Baysal et al. (41) . They analysed the thermal properties of polyurethane and poly urethane-organoclay nanocomposites and they found that the introduction of organoclay into polymer backbones increased its thermal stability (41) .
It was observed that the decomposition temperature values were reduced, due to the higher loading of nanoclay into the composite. The reason might be, as discussed earlier, the agglomeration of nanoclay in the composites. Composite provide more area exposure of matrix polymer and could have resulted in more weight loss at lower temperature (42) . The good dispersion of nanoclay particles is seen as a heat barrier that enhances the thermal stability of the system as well as forming char residues after thermal decomposition and during the initial stage of the thermal decomposition, the good dispersion of nanoclay is able to shift the decomposition temperature higher (43) .
From the data gained according to Table 2 , it can be observed that there are no residue or char for PP, however, the charred residue of the WPC increased with increasing nanoclay loading of the layered silicates. The highest char was produced by 2.5 wt% WPC/MMT with 8.19% followed by 1 wt% of WPC/MMT which showed 8.00%. The amounts of char in WPC/MMT Cu were lesser compared to pristine nanoclay incorporated into the matrix. It is known generally that layered silicates consist of stacking layers and it does not burn easily. This in return results in high char residue, however, in the case of WPC/MMT Cu, the nanoclay is seen to have intercalated perfectly into the structure of the composites as supported by the XRD analysis. This justifies the lesser amount of the char produced by WPC/MMT Cu.
Derivative thermal gravimetric (DTG) was further applied to study the thermal stability of the PP, WPC, and WPC with MMT and MMT Cu, which was expected to shed some light on the chemical structure of the composite. Figure 8C and D delineated the DTG of PP and the WPC with different content of pristine and TMI-modified nanoclay, respectively.
Vitkauskiene et al. (44) reported similar thermal profiles in their study. The incorporation of MMT nanoclay into the polymer matrix is seen to shift the peak temperature to slightly high values and this shows that the nanoclay has a contribution in the decomposition rate (44) . PU incorporated with MMT showed a visible peak at around 450°C where this occurrence can be related to the decomposition of the silica particles. However, with the addition of nanoclay modified with copper ions, two peaks may be observed especially in the case of WPC/MMT Cu. The first peak may be attributed to the decomposition of the PP matrix whereas the second peak which appeared at a higher temperature is due to the PP physicochemical attachment to the nanoparticle's surface. Similar results were reported by Guo et al. (45) and they claimed that this phenomenon is an indication of strong chemical bonding between the nanoparticles and the polymer matrix (45) .
Conclusions
This study evaluated the modification of pristine nanoclay and its effect as a reinforcing agent on the different properties of WPC. Pristine nanoclay modified by TMI was investigated using the morphological technique (FESEM), shown that the loading of 1 wt% modified nanoclay to the WPC enhanced their flexural strength (by 2.1%), tensile strength (by 2.6%) and impact strength (3%) than pristine nanoclay based WPC. However, loading more content of nanoclay showed no further increase in these properties due to weak dispersion and agglomeration of the high content of nanoclay. The TEM micrographs showed that high contents of nanoclay (5 wt%) were easily agglomerated and this caused the reduction in mechanical and physical properties of the composites. The thermal stability of composites has shown the positive effect with the addition of modified nanoclay. The highest improvement in the thermal stability of composites was achieved at 1 wt% of modified nanoclay content.
